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ABSTRACT. Culture and its heritage play a major role in determining landslide risk in the Central Andes.
Examples of some of these many possible influences are provided from natural and social science literature and
from the author’s recent work in Bolivia. Landslide risk appears to have generally increased throughout the last
millennium, due largely to anthropogenic modification of hazard, exposure, vulnerability and coping capacity.
These changes result from both local and distant pressures and from contemporaneous and pervious cultural
factors. Consequently, holistic examination of landslide risk necessitates consideration of culture and its heritage.
Key words: anthropogenic influences on risk, cultural heritage, vulnerability, exposure, Central Andes, Bolivia,
Peru.

INTRODUCTION

RISK AS A DYNAMIC PROCESS

Landside risk describes the likelihood of a feature or
system experiencing loss resulting from mass movements.
Culture can, among other definitions, be loosely defined as
the shared deposit of knowledge, experience, beliefs and
values among a group of people. It plays a crucial role in
determining landslide risk as it determines a society’s
propensity to influence landslide occurrence (through both
mitigation and causation) and the degree to which the
society is affected by landslides that do occur. Because
culture is the product of experiences of multiple generations,
landslide risk is, consequently, deeply rooted in both present
culture and the heritage from which it is derived; both
aspects of culture should be considered to gain a more
complete insight into landslide risk.
The influence of culture on landslide risk is best
explored by considering mountainous areas marked by
major cultural variability over long time periods. The
Central Andes are an ideal region for this purpose because
of: 1) high landslide activity; 2) long period of human
occupation; and 3) extreme cultural changes over this
period. Historical analysis of social aspects of risk to
threatening natural phenomenon has been undertaken for
other localities (e.g., Bankoff, 2003) and in the Central
Andes for threats other than landslides (e.g., Oliver-Smith,
1994). The present discussion builds upon these previous
works and on development in risk conceptualization literature
by considering the diverse role of the anthropogenic system
over time in determining landslide risk.
Examples of the influence of culture on landslide risk in
the Central Andes are drawn from natural and social science
literature and from the author’s recent fieldwork in La Paz,
Bolivia.

Risk can be viewed as a result of interaction between
four components: hazard, exposure, vulnerability and coping
capacity (e.g., Roberts et al., 2009; Fig. 1). Hazard describes
the spatial-temporal probability of a threatening
phenomenon, and is exemplified by landslide forecasting.
Vulnerability and coping capacity describe the susceptibility
of society to impact when a threatening phenomenon is
encountered and the ability of society to modify this
susceptibility, respectively. Exposure describes the
intersection between hazard and vulnerable elements in
space and time. Each of these risk components can change
over time, singularly or in combination with other
components, due to changes in natural systems,
anthropogenic systems or both. Such changes alter the level,
type and distribution of risk.
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Fig. 1. Conceptual model of risk (from Roberts et al., 2009).
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Commonly in the natural sciences, including the
geosciences, only apparent changes in the four risk
components, and not their underlying causes, are
considered, particularly in the case of exposure,
vulnerability and coping capacity. Components are adjusted
by way of alteration of vulnerability factors (attributes of a
feature or system that, given local context, influence its
vulnerability to threats), local context (cultural-historical
circumstances and the physical environment) or both
(Roberts et al., 2009; Fig. 1). Comprehensive consideration
of the risk dynamic of a specific system facilitates
understanding of these proximate causes as well as the
ultimate causes contributing to them.
Risk can be altered by natural or anthropogenic
influences, resulting from local or distant pressures. In the
case of anthropogenic influences, changes may be
deliberate, resulting from various kinds of risk assessment
leading to mitigation (Fig. 1) or unintended. The latter often
results as outcomes of decisions motivated by unrelated
stresses. Examples exist of all of these types of alteration of
landslide risk in the Central Andes. However, because the
present discussion focuses on the role of culture in landslide
risk, only anthropogenic changes to risk are considered here.
With regard to anthropogenic influences on risk, literature in
the natural sciences focuses on alteration of the physical
environment and their local driving factors. Contributions of
social and population changes and the influence of
geographically remote underlying causes are also important,
but generally only receive detailed attention in social
science literature (e.g., Wisner et al., 2004).
PHYSIOGRAPHIC AND GEOLOGIC SETTING OF
THE CENTRAL ANDES
The Central Andes of Bolivia and Peru consists of rangeparallel physiographic regions (Fig. 2), resulting from
tectonic mechanisms (Allmendinger et al., 1997). The
Cordillera Occidental to the west is dominated by volcanics
and the Cordillera Oriental to the east is composed of
Ordovician and older sedimentary and metasedimentary
rocks. The Altiplano basin, between the Cordilleras,
contains a thick suite of clastic strata and some evaporates,
with surface geology dominated by recent sediments
(Allmendinger et al., 1997).

Fig. 2. Physiography of the Central Andes. A. Extent and location
of the Central Andes. B. Physiography of the Central Andes. Base
map is elevation overlain on a hill shape diagram (derived from
GTOPO30 data). C. Cross section (5x vertical exaggeration)
across the Central Andes (derived from GTOPO30 data).
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The region is subtropical and varies from humid to arid,
with most moisture derived from the Amazon Basin.
Precipitation increases slightly northward within the range and
dramatically eastward (Bookhagen and Strecker, 2008;
Garreaud et al., 2003) due to latitudinal and orographic effects,
respectively. Vegetation is sparse throughout much of the
Altiplano and Cordillera Occidental due to prolonged aridity in
the dry season, high altitude and removal by people.
Variability in physiography, geology and climate result
in variability in the style and magnitude of erosion
throughout the Central Andes, and thus influence landslide
hazard. Erosion rates generally increase to the north and east
(McQuarrie et al., 2008). Physiography and climate in part
determine exposure, as only some locations are suitable for
settlement. In all areas, landsliding of various forms plays
some role, and locally may result in high levels of landslide
activity. Landslide activity is greatest along the eastern flank
of the Cordillera Oriental, where it dominates landscape
evolution (Blodgett and Isacks, 2007). Locally, frequent
landslides also occur where sediments of the Altiplano are
incised. The occurrence of numerous small to medium
landslides in populated areas of the Central Andes (cf. PMA:
GCA, 2007) and a deficit of catastrophic landslides (Schuster et
al., 2002) suggests that small to medium events dominate in the
Central Andes. Additionally, many such small events likely go
unreported in sparsely populated areas.
CULTURAL AND HISTORY OF THE CENTRAL
ANDES
In the past millennium, several waves of cultural change
have swept across the Central Andes. Each wave resulted in
alteration of landslide risk through various changes to risk
dynamics in the region. The examples below are organized
temporally into the pre-Colonial, Colonial and post-Colonial
periods.
Pre-Colonial period
Throughout the first half of the second millennium A.D.,
cultures of the Central Andes were founded on food resources
provided by extensive and organized agriculture. Given the
steep terrain of the Central Andes, terraced agriculture was a
common practice and thus had an extensive impact on the
natural environment. Each terrace consists of an inclined
retaining wall (to provide stability) and slightly sloped terrace
tread (to achieve controlled drainage), created by a
combination of excavation and in-fill (Treacy and Denevan,
1994). They are designed to maximize use of steep terrain for
agriculture by limiting soil erosion, conserving irrigation
water and easing cultivation activity.
A secondary effect of terraced agriculture is larger scale
slope stabilization resulting in reduced frequency of large
scale failure. The presence of ancient debris flow deposits
below presently stable terraced slopes in some localities
attests to the decrease in debris flow occurrence. For
example, 70 km east of Lima along the Río Rimac in the
Quebrada Paihua tributary basin, starved debris flow fans
are present below heavily terraced slopes (Fig. 3). These
fans are interpreted to have been inactive for ca. 500 years
(Lionel Jackson, Geologic Survey of Canada, pers. comm.,
2009). Thus, terraced agriculture represents an unintended
local hazard reduction through adjustment of local physical
environment (Fig. 1).
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Fig. 3. Starved debris flow fans below terraced slopes in the Quebrada Paihua basin. A. Quickbird image showing the location of starved
fans (circled) relative to the terraced slopes (arrow indicates location and viewing direction of B). B. Photo of extensive terraced slopes
(courtesy of Lionel Jackson).

Sediment storage achieved by terraces is revealed by
post-abandonment sediment remobilized by extensive
gullying and tread failure (Londoño, 2008) as well as
retaining wall collapse (Inbar and Llerena, 2000). In arid
southern Peru, net denudation of terrace surfaces has been
measured at 0.094 mm/a (Londoño, 2008) indicating a
potential sediment source for future debris flows.
Reactivation of terraced slopes may actually represent an
increase in mass wasting relative to unaltered slopes because
of disturbed nature of the terrain (Wolman, 1967). Increased
sediment output following terrace abandonment suggested
by Inbar and Llerena (2000) and measured by Lodono
(2008) indicates that terraced agriculture results only in
temporary risk reduction, requiring the continued role of
local anthropogenic system.
Colonial period
Colonization of South America by Europeans progressed
to the Central Andes by the early sixteenth century, and was
ultimately driven by over-population and competition for
resources in Europe. The resulting influx of Europeans
completely restructured the population dynamic of the
region. Native populations were decimated by disease and,
locally, by conflict with Europeans, while European
populations swelled by immigration. Additionally, the
culture of indigenous groups was severely altered through
subjugation by colonizers and through adaptation, both
voluntary and forced, of aspects of European culture.
Consequently, inequity among the population increased and
included steep declines in access to resources among
indigenous groups.
Recorded examples of landslide losses illustrating these
results are lacking. However, given the major changes in
vulnerability factors demonstrated by increased inequity of
resources, landslide risk likely increased. Landslide risk to
affluent (largely European) groups was generally decreased
while that of subjugated (largely indigenous) groups was
generally increased. These trends resulted mainly from
decreased vulnerability and increased coping capacity

among the former, and increased vulnerability and
decreased coping capacity among the latter. These impacts
resulted from adjustment of vulnerability factors and local
context, ultimately driven by pressures in Europe.
Population increase throughout the period undoubtedly
resulted in an unintentional increase in exposure.
Post-Colonial period
The Colonial period came to close as Latin America
nations gained independence throughout the nineteenth
century; for Peru gained its independence in 1821 followed
by Bolivia in 1825. Modern social and population conditions
in the Central Andes were largely inherited from those
established during the Colonial period, including trends in
inequitable distribution of resources and in population
growth. These conditions have been, however, greatly
modified throughout the twentieth century by global trends
in population growth and economic development.
Current settlement patterns in the Central Andes reflect
those established long ago, with occupation concentrated in
high mountain valleys and on the Altiplano. During the
twentieth century, population has grown rapidly in the
region. Internal population redistribution, dominated by
movement from urban migration, increases stress on specific
locations (Varela and Wilford, 1975). These population
pressures result in rapid urban expansion that necessitates
development in marginal land previously not used for
housing and, consequently, result in unintentional increases
in exposure. Additionally, increased competition for
resources results in decreased access to resources among
already marginalized groups. Consequently, the most
vulnerable people experience unintentional increases in
vulnerability and unintentional decreases in coping capacity.
Approaches to economic development in Latin America
have undergone numerous changes in the twentieth century.
The most recent of these is the neoliberal (or ‘free market’)
model, which began to gain favour in the 1980’s, largely
under pressure from global superpowers. The neoliberal
model involves a shift in focus from domestic to foreign
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markets. One result is increased polarity within society, as
upper and lower class groups tend to be tied to foreign and
domestic markets, respectively. Additionally, breakdowns in
social systems resulted from decreased support of social
programs, putting already marginalized populations under
even greater pressure (Adger, 2000). In Latin America,
impacts were especially severe in Central Andean countries,
where inequity and social resource deficits are already
severe (Conaghan and Malloy, 1994).
The impact on landslide risk of population and economic
pressures created during the Colonial and post-Colonial
periods is exemplified at La Paz, Bolivia. Here, landslide
risk is very high due to a combination of high hazard,
exposure and vulnerability (O'Hare and Rivas, 2005) and
typically low coping capacity. The city is situated in a steepsided river valley, deeply eroded into poorly consolidated
sediments of the Altiplano. Frequent failures occur in these
valley sides and include small (~102 m3) to medium (~106 to
107 m3) historical landslides (Quenta et al., 2007), as well as
large (up to 60 km2) pre-historic landslides (Dobrovolny,
1962). The large population has mostly filled this valley,
with the poorest having to settle in informal dwellings high
on steep, often unstable, slopes.
The conditions of vulnerability, coping capacity and
exposure at La Paz are rooted in social and population
trends initialized in the Colonial period, modified by market
pressures and population growth from the post-Colonial

period, as well the locality's natural physical environment.
Expansion into hazardous areas (eg., high, steep slopes)
results from rapid population growth (Arbona and Kohl,
2004) that is representative of population trends throughout
the Central Andes and, in general, Latin America. Informal
development in these areas is most typical among highly
vulnerable populations, which have little other option for
obtaining affordable housing close to employment
opportunities (O’Hare and Rivas, 2005). Consequently, the
most vulnerable populations are put at greatest exposure to
landslide threats. The municipality is under pressure to aid
in the provision of land for these settlements. Practices
employed include culverting and burying of rivers, and reterracing of landslides after they occur (Fig. 4). Although
both methods increase land areas for settlement, these new
areas are highly unstable. In many cases, buried culverts
leak, particularly during the rainy season, and trigger
landslides in these highly populated areas. Terrace locations
generally coincide with natural terraces produced at the base
of scarps and, when not properly graded, allowing drainage
toward failure surfaces (Fig. 4).
Thus, modern landslide risk in La Paz results from
unintentional increases in vulnerability and exposure, and
unintentional decreases in coping capacity, as well as
deliberate adjustments to the natural landscape that,
unfortunately, provide a false sense of hazard
elimination.

Fig. 4. Re-terraced surface of a landslide in the Llojeta subdivision of La Paz, Bolivia that occurred in February 2008.
Pooling water on terraces suggests a possible increase of drainage toward failure surfaces.
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